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Background and Objective 
Strawberries (Fragaria spp.) are amongst the most economically significant fruit crops. 
Due to the economic importance, strawberry production increases year by year in the world. 
Recently, Japan is one of the leading strawberry producers (9th in the world), and among Japanese 
agricultural products, strawberry rank is 3rd, after rice and tomato. Many countries have strawberry 
national breeding programs aiming at improving growth characteristics, disease resistance, and yield. 
Several agricultural approaches have been carried out to mitigate the effects of environmental 
stresses for strawberry productivity, including developing effective bio-fertilizers to enhance soil 
fertility and plant productivity by utilizing plant-microbe interactions. Although dark septate 
endophytic (DSE) fungi have gained a continual increase of interest, its interactions with seasonal 
fruit crops, such as strawberry, have not been reported. 
The objectives of this study were 1) to conduct preliminary pathogenicity screening of new 
recorded culture collection fungal isolates for identifying their endophytic nature with beneficial 
traits to host plant, 2) to investigate the potential of new fungal endophytes to promote 
seed-propagated strawberry growth under biotic and abiotic stresses, 3) to determine the role of 
growth-promoting DSE fungal isolates in integrated disease suppression and productivity, and 4) to 
evaluate the beneficial traits mediated by selected DSE fungal inoculation, such as early flower bud 
initiation and fruit development. 
 
Methods  
1) The selection of dark septate endophytic fungal isolates to promote seed-propagated 
strawberry (Fragaria vesca) growth and control Fusarium wilt disease. 
In this study, totally 19 fungal isolates were obtained from culture collection of Microbial Ecology 
Laboratory, Ibaraki University, Japan. Preliminary screening for pathogenicity of 19 fungal isolates 
was conducted to distinguish non-pathogenic isolates from pathogenic and other saprophytic isolates 
using susceptible plant of Chinese cabbage (Brassica campestris L.) as a model plant. Subsequently, 
non-pathogenic fungi were evaluated for their potential to promote strawberry growth and control 
Fusarium wilt disease under axenic culture condition, using oat meal agar medium. Molecular 
identification based on ITS, SSU, and LSU regions were carried out, and confirmed with 
morphological identification for top 3 best selected isolates. 
 
2) Evaluation for strawberry growth promotion mediated by DSE fungi using artificial 
inoculation under organic and inorganic soil system. 
In this study, three selected DSE fungal isolates were evaluated for their potential to promote 
strawberry growth using organic and inorganic soil systems. DSE inoculum material was prepared in 
a solid material consist of wheat bran, rice bran, and fermented leaves. DSE inoculum was mixed 
with soil at 10% (w/w) prior to strawberry transplantation. Strawberry seedlings were transplanted 
into soil mixed with DSE inoculum and cultivated at 23 °C, with an 18-h:6-h (L:D) photoperiod, for 
150 days. Root colonization by DSE fungi was observed to confirm whether the selected DSE fungi 
colonized endophytically.  
 
3) Effects of strawberry growth promotion mediated by DSE fungi using artificial inoculation 
under acidic soil condition 
In this study, three selected DSE fungal isolates were examined for their potential to promote plant 
growth by utilizing inorganic and organic nutrients, and to enhance acid stress tolerance. 
 
4) Evaluation for strawberry growth promotion in integrated disease suppression and 
productivity using artificial inoculation soil system 
In this study, three selected DSE fungi were evaluated for their efficacy to control Fusarium wilt 
with growth promotion activities using inorganic soil. Evaluation of disease severity and plant 





5) Strawberry growth, flowering, and fruit development in responses to DSE fungus, 
Cladophialophora chaetospira SK51 inoculation under acid stress condition 
The experiments in this study consisted of the application of DSE fungus C. chaetospira SK51 to 
promote growth, flower, and fruit development under acid non-acid stress conditions. 
 
Discussion (Analysis, Consideration) 
 Although a number of recent studies have isolated DSE fungi associated with plants, the 
exploration of remarkable potential DSE isolates and further studies elucidating their functional roles, 
and fruit crops-DSE symbiotic interactions remain as major scientific challenges. Despite the 
worldwide importance of strawberry and the lack of feasible approaches to improve plant health 
responses to any disease in this crop, and its ability to perform growth development under biotic and 
abiotic stresses mediated by beneficial DSE fungi is still scarce and very poorly understood. 
The results in this study suggest that DSE fungi are able to promote plant growth, increase 
production, and protect strawberry plant from Fusarium wilt simultaneously. The result from this 
study showed that the effects of DSE fungi on host plant were varied among taxa. It has been 
reported that these variations depend on the host-symbionts combination. The study shows that 
inoculation of DSE fungi not only promotes the growth of strawberry plants under disease and acidic 
stress conditions, but also improves the flowering time and fruit productions. This role shows that 
single DSE isolate inoculation conferred several integrated functions at the same time of stressor 
incidence.  Therefore, this DSE isolate is a promising alternative as a biocontrol (bio-fungicide) and 
bio-fertilizer with an integrated function.  
This study is the first report on the ability of DSE fungi mediating growth, flower bud 
formation, and fruit development on seasonal fruit crop (strawberry plant). Notably, some cautions 
need to be taken by strawberry growers, for example, to do not over-fertilize to avoid excessive leaf 
growth and poor flowering. Therefore, the application of DSE fungi is more feasible and low-risk in 
strawberry production field. Flower formation in the strawberry has been reported as a response to 
relative low temperature. The temperature range within 15 to 18 °C are required to induce flowering, 
whereas at 21°C no flowering was observed under any day length regime (Heide and Sonsteby, 
2007; Sonsteby and Heide, 2008). Notably, the result in the present study provides an evidence that 
strawberry flowering is promoted by the application of DSE fungus C. chaetospira SK51 at 
cultivation temperature beyond the range required for controlling flowering i.e. 23 °C, considered as 
a new finding. It is suggested that the mechanisms of flower formation and early fruit development 
of strawberry-treated DSE fungus SK51 are related to plant hormonal and upregulation of 




The DSE fungus C. chaetospira SK51 conferred strawberry plant tolerance to Fusarium 
wilt disease and acidic stress conditions, and improved plant health by enhancing growth parameters 
simultaneously. Agricultural application of C. chaetospira SK51 in soil environment represents as a 
promising strategy to suppress Fusarium wilt and enhances plant stresses-tolerance during nursery to 
field production. In addition, it is demonstrated that C. chaetospira SK51 has an ability to naturally 
colonize plant root tissues and establish beneficial traits in strawberry plants. Notably, the result in 
this study provide an evidence that strawberry flowering is consistently promoted by the application 
of DSE fungus C. chaetospira SK51. The mechanism of action of C. chaetospira SK51 in 
modulating plant disease tolerance via upregulating defense-related genes, controlling 
flowering-related genes, and fruit development is a topic for future research.  
 
 
 
